IN THE U.S. PATENT AND TRADEMARK OFFICE g 



Applicant (s) : AHN, Keun Hee "rS! S> 

Application No. : Group: S^^® 

Filed: August 23, 2001 Examiner: ~ 
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1020000048926 2001/7/1 

[ih^&i^] 0001 

[HIS^IH 2000.08.23 

[^j^^l^a^^w] ho4n 

g^ggji Carrier recovery apparatus and method for QAM/PSK 

receiver 

[S^oj^c] 1-1998-000275-8 

[ CH £1 ^ 3H1 9-1998-000022-1 
[H^^lgj^^gj^] 2000-005155-0 

[ QH E.I ej 3 H 1 9-1 998-000279-9 

[H^^lgj^^ai^] 2000-005154-2 

9^h:'I1 AHN.Keun Hee 

[^BJe^ej^] 690727-1279611 

[^^ttj^]. 403-010 

[^^1 sjais^Ai ^m=? ^mm eo^o^H^M em i09s 7o-5^ji 

[^2£j] KR 

[^A^§^] 

Oil egl^A^ B S^l^LID. iWZ\21 

(21) (:H£I21 

^ir^ (£1) 

20 m 29.000 
[:>^6^^gJSl 37 a 37.000 ^ 
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2001/7/1 



0 2d 0 i! 

9 m 397.000 

463,000 SI 

1. SAilA1(ES)_ie 
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i^^^>7l ^3)-^ iav-g- PLL^S^ ^^^M ^-^1- 

^-§"8: ^^^>^ 27M ^^^^S-'J*), ^MM- RF ^^^7HlAi ^^ KHz 

i2-S>^aq- sj^^e].^ «o^^^S. iral-^- 91°^] ^n/^^<^] 7}^^} 

^, SNR4 ^tb ^11^ ISI(Ji^i:^)«fl£ ^5)^^ i^/^2^ ^^*^«S^ 

£ 5 

o}^if|- QAM, PSK 
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1020000048926 2001/7/1 

tiV^sj- ^g-^] ^ {Carrier recovery apparatus and method for QAM/PSK 

receiver} 

£ 1^ '^^^tl TV n^^7]^ 7flef:£ 

£ 2^ #efloi ^s. 7]^^ oj-g-^V ^j-^lo^ 

£ 3^ ^HflSl Cost as ^S. 7]^^ 0]-%.^ ti>^4 4::p. :^^^]o] z^a^ m.^^ 

S. 4^ ^Sfl^ 71^^* ol^tb ^^1o^ , 

IE 5^ ^ ^^^<^1 TV ^^7] ^ HV^s^- 

£ 8^ 4/16/64/256 QAM^ Iref'?]:^ ^^^7]^ ^^j^Jl ^i^^ <^1* M-B^-vfl 

£^ 

S. lO-Br 16 QAM ^J: ^^^^ ^A] oil* i^Bi-i^ 

12^ £ 5^ ^1<H ^:5l7l(NC0)^ 

£ 14^ £ 5^ ^S. 
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S. 15^ H 5^ W n^]^^ ^Ml -ir^S 

£ 16^ £ 5^ ^^1- ^^7]9] -^M] ^^■S. 

S. 17^ ^^91^ 3.^c^]^^S] ^^/^s^^ ^#7]^ ^^o^ s.^^^ 

£. 17a^ ^'^^^ ^^^^ ^^o] ^^Aj-o] :?l>^V:y.x:]. 3. ;g 0.0^ ^^i^ -g^oi 

i£ 18^ a^oflAio^ o^^V^S}.^ ^#7]^ 71 

£^ 

11 : ^ 13 : ^ ^^51^ 
14 : ^ 

100 : «V^3i}- 101 : ^^^/^^^ ^#7] 

102 : l-Bl-«y-^ ^^7l 103 : ^^^1*^ ^^7] 

104 : ^2}-^ pLL^. io4-l : S.^ 
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2001/7/1 



104-2 : NCO 



104-3 : ^sf^ ^^7] 



105 : PLL^ 



105-1 : 



105-2 : 1- Bfloll: 



105-3 : ^^7l 



^ QAM/PSK(Quadrature Amplitude Modulation/Phase Shift Keying) ^^7] 

^^]^ QAMCQuadrature Amplitude Modulation) ^J-^^l m.^ ^ 256 QAM 

SJ-^^ ^^•1]<^1B1<H1 3.^^ ^Ir ^7l(5.3607MHz)^ SalMofl «fl 

^^V^ 256711^ ^^^(Constellations)!:^! it^S. #^^1'^, o]o^ ^(I,Q)<^1 

tfltb ^^><=^ ^^2|-(sine)s|- c«^^5|-(Cosine)<^l «>^2)- ^Ss>o^ :^ 

<5l ^31* ^2:^l-<=^ 2567fl^ ^^^ofl tfl^ cfAl ^7l 

•g-71^ ^i^sl-5!l- <^^^» ^^}^ 256 -^^^Hl cfl^ iJrS] ziii ^ 

(1. Q)<^1 ^^^I'i ^ ^7l nfl^olcf. 
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<35> ^, HDTV Ali^o^ QAM ^^71 oil ^^^^ 

RF ^^7loilA-1 KHz -S.^'IS (Frequency offset, ^co)^ 

^^(Phase Jitter, A ^ )^ ^4i5l-^>^ va}^ a]:^ <^J:6\] i^KAcquisition)/^ 

^ (Tracking)^ <5> lE^ SNR4 4]^!: ^fl^ ISI(Ghost)<^l£ S.^/ 

<36> s. 1^ •a^^'^l TV ^^7]B] Ir^SSA^. ^^^sl^(ll)^ ^2)-^ -2.^^ ^ 

^-S-^ ^41^^ 1^^]^ ^^^(12)S. #^^}-Jl, 

^4 ^^^(12)^ ^^^s]^(ll)o1lA-l *3|-tfl^ c^^]^ Aij:- ;^^/c^^ji}. 

<37> s-o^^ t£ ^^3^ ^^^(12)<^1^-1 QAM ^3i^ ^SL9] ^'t^-M: 

<38> ^, I(t), Q(t)» ^4^, 2ij7^o^ 71 (Base-band) ^S.^ ^}JL, ^ 

sl-^l- fc^ ^ ^ QAM^^ ^S. S(t)^ i=f^^ ^^-^ 13}- ^o] ^ 

<39> i^^^ 1] 

5(0=/(0 X cos(2 V;0-G(0 X sm(2;|/;0 
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<41> [^^^ 2] 

DICt')=L.PFlSCO X cos(2;e/;'+<I>)] 
=y X/(OXcos(<D)-y xeCOXsinCO) 

<42> [^«|-^ 3] 

DQ(^0=LPF[Sif) X sin(2 je/;/+<D)] 
=y X/COXsinCO)— xe(OXcos((D) 

<44> ols^. ^cl, QAM^ ^-f ^^1- ^^>7> 0]^. ^^|.a^n>ol o>u|e}. 

27M iJ-^ol ^i^f. 
<46> ZL ^ ^>u|.^ 5q-^^:^(piiot) ^^7> ^s]-^ ^>o.^ -a-^a^'^ =T^^^<='fl^i 

^ ^^^7l^ ^A^A ^^^^ ^^<^1 ^7l^^ ^ ^Tfl 

HDTV^ ^Irfi^^^ VSB(Vestigial Side Band)^ «> 

^ HDTV^ tHIoII- Al>;^E^o^ qam ^ PSK^ ^4^4 ^^ofl A>-g-^t:f. 

^ ^2fl^ ^J-'^-^S^ :£ 2sq- ^S. 7]^, S. 3A ^>iBl-i 
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(Costas) ^S. 7]^, £ 45^- ^]]^ ^S. 7l'^(decision feedback loop) ^<^] 

<49> 2<^1 HA]^ ;^>^ ^s. 7]^^ ^}7]S] 49\- ^o] DSB/SC(Double 

Side Band/Suppressed Carrier) PAMCPhase amplitude modulation)^^ ^2:^]-<=^ "^^^^^ 
^S. S(t)^ 4^ 

<50> [^t}-^ 4] 

5(0=-4(0 X cos(2ji/./+©) 

<51> ^7]^ 4o\]A^ 7l^-1tfl<^ A]^ Bll^o] 0^ ^^^S. cfl^l^ ojl- ;§ o.^ 

<52> [^«)-^ 5] 

^^c^6\]A^o\ ^s}.^ :£#^><^ PLLCPhase Locked Loop)* ^^*}^ ^>M-^ 7]^ o. 

S. 2^ ^Sr ^1-^ 7l^ol 014. 

<54> ;,].^7|(2i)o^ S2(t)^ 634- ^Jl, A2(t)^ 7lcfl^l^ 0 

ol o}^^B.S., ^i/^'oflAi ^^^* ^ $11=1- 

<55> [^^t]-^ 6] 

=y X^\o+y X^^(0 X cos(4)i/;/+20) 

Irl-e^-A•l, >^i-7l ;^>^7l(21)Sl #^ s2(t)ol ^4] ^34^71- 2i/;'oi cfl^ ^f-s)- ^b] 

(22m ^^^M ^^^<^] ^^=^7} 2fc , 2<pZL^JL, ^^■o] 1/2 * 
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A2(t) * H(2fc)«y ^^^^o] ^711 ^v]-. <^7)Ai, H(2fc)^ cfl^ -f-sf 

PLL 321-;^ ^, cfl-^ ^3!f ^Bl(22)^ #^4 ^^7l(25)S^ ^^o] ^^371(23) 

ofl^i ^eK24)S. >^7l €eK24)^ ^^7] (25) 

S ^, ^>7l €eK24)^ ^oM #^7l(23)^ ^E^^^rVJl ^A>*H 

-^^># ^ ^^7l(25)S #^^1-^, ^7] ^^71(25)^ 

Wl^]^>^ ^5^^ sin(4^,/+2<I.)^ ^^^^l-'^^ ^^71(23)5^- ^irj-^ ^Bfl7l(26)S. 

<58> ttfe^-Al, ^1-71 ^afl7l(26)<^l^i ^^^7] (25)^ ^ufls^f^ 

sin(2^/,/+<I.)o^ ^^S}-!- ^711 0^7^, 9>o^ ^^^IS. PLL^ - ^ 

<59> H&flJI-, >a-7l^ ^B. 7]^ci\] tiV^^Bf ^^^7l(25)7> 2fc-2l ^ 

^^^^] ^71£)J1 «]:^5^7l- ^til]7](26)l- 71^ ^J^^Sl7l trfl^ofl ^X\X] 

±^ ^>a-4 180°^ ^^1- ^fli^ll^^^ ^^1^ -^^sl-^H ^ 

7l-^>^ ^»l7l- ^cf. =2.^ Aij:7]. M7l]2] ^>^o.^ ^Jl ^ 

>0^7> cf^^l 7^ ^o] o]^o]7^ oj^ nfl, x>^7l rfl^l M-^^7ll- oj^^fji ^ 

21-^ ^Wfl7lo1lA^ % ^^S^M ^fl^F^^ ^^-^O.^ #7H>711 ^Cf. 



<60> [^^^ 71 



5(0=v4(0 X cos[2jt/;/+<I>+(-^ ) X (w-l )] 
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<6i> <^7lA-^, m=l,2,3,...,M olrf. 

<62> t].^^ Costas ^S. 7l'^<^l tfltb 'i^'^l^-. 

<63> ^7]^ 4^ Jt^i)^ <OS:S^ 5& tq-^ 7l^o| 3£ soil 

Costas ^l^olc^.. 

<64> £ 3^1^i. 1. ^1 2 7] (31,32)51 ^^ Yc(t), Ys(t)^ ^}7]^ 8, 955^- 

<65> 8] 

=-1- X [^(0+A^^(0] X cosA<D+y XNXO X smA(D+2/; 

<66> [^*)-^ 9] 

ys(.0=[S(0+NiO] X sin(25t/;/+9) 
= y X[^(0+A^^(0]X sinA<D+-i- XA^//) X cosA(D+2/; 

<^7lA-1, ^>7l Aa>=<i.-9,2X 2 7l^i rfl^ -^ij. ^E-1(32,36)# 7]^]^ 

^]7]S\JL, -^J-71 ^1 1. 2 7]^^ cfl^ ^gE-l (32,36)^1 #^ol ^^7|(33)o11 ^ 

^^1^ ^1-71^ 104 ^o] SL^} e(t)7> 

<68> [^«)-^ 10] 

e(0=|- X [(^(0+A^c(0)'-A^^(0] X sm2A<D 
X///0 X [A(_0+N^iO] X cos2A(D 



<69> 



^7]^ 10^ ^^>Al^ e(t)^ €^>^ ^V)Xsin2A(l.^ (A] 

^7] ^] 1, ^1 2 7]^^ cfl^ ^E^(32,36)^ ^-2.^^ ^Bl7> ^4. ^ 
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<70> ^7] #^71(33)21 oj^w]:^ ^B\(37)s^ ^^7l(28)-2l ^ 

7]^ :^}^ ^S. 7]^s\. ^<^t}B.S. ^Ml ^5^*1:1=1-. ^, ^7]^ Costas 7]^ 

S. 7]^S!]. ^7}o]T^ p>^7>^lS- 180°^ SJ^. 

<7i> cf^^ 71^011 tfl^flAi ^T^t!:^. 

<72> ^7]^ Costas 7l^o]lA-1^ X\^6\] ^^o] S. ^tfl^l^^-l '^^'^l 

##E]<^1;^1^ ^;^17> ^cf. o] ^^1^ s. 3^ Costas tb^<^l 
711- ^71-^^^M) ^ $X^. o]e^^ ^BflS tiV^s}- 

^1 1 7];^^ cfl^ ^EK42)2^- §^7l(49) AHofl Afl^s:|(43)5^ ^^7l(45)» 

^r^. cH^l^i. ^71 Afl-.5l(43)^ 7]^^t%<^ ^s.^]^Mr M-^ ^^fl 

Efolnj dlBl^ ^o]rQ «.(44)5. « «l-0>Ai ^^fl 1 7]^^t!i\<^ ^^^B]U2)^ ^^ 

^S.^ ^SL A>olo^ 6\]B\^ ^o]^ ^r]., ^^71(45)^ -^1- 

^^7l(49)^ #^tl:Cl-. 
<73> ^<^, H 4'HlAi :t;^7] o]]^7} ^v^ZL em ^^71(45)^ ^^o] 7] 

7^^^^ ^s. A(t)7} ^cf. -S-^V ^s. e(t)» ^7fle>^ cf^^ 113)- 

<74> [^tj-^ 11] 

«(0=y X^(OX [(yiCO+A'^.CO)^ sinAO-A'^.CO X cosA(D]+2/; 
= -|- Xyl*(0 X sinAO-fy X>1(0 X [A^^(0 X sinAO-A^//) X cosA<S>]+2f^ 
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<75> ne^M-, ^7l^ 7l^£ t:f^4 ^^l^o] ojc^, 
<76> ^^11^, ^-g: ^2}-/^^ '^^(Acquisition/Tracking Range)'Hl 2]^ ^mL^ 3.^^ 

^ ^Ml- 4-g-^H^> ^>^s -^^i wl-§-<^l ^7}^^. ^, ^>^^ ^^^1 ^ 

^^^o] >q-j7 ^^1- ^^o] ^o] ^^^o] ^olcfl, olsltV ^ 

<77> 1-^11^, ^^(Phase Jitter)<^l ^^7]2] BER ^^^^o] ^>e^fl:Cf. 

4^^(SNR)7} 3|-0.^ ^2flo] ^^«-0^ ^^1- ^^^^^ ^^>€- ^^S^>7l 

<79> ^ji^^ ISI/Ghost ^I1^<^1 cflt!- i^V^^ ^^^1 ^1*>5]^ ^:^l7> ^^cf. 

^, ISI/^^S7> ^fl^ollA-l£ i:j|-:5}-7HS ^^7] ^tb <^1&|» ^ 

<80> ^ ^tg^ ^l-7lfi]- €-^1^^ ^l[*>7l ^^S^i, ^ ^^51 S-^o. 

<81> .^71 Si]- ^'^^*>7l ^ 4€- ^^1^, 4S 

^ ^^^^ ^^^^^ SE^ ^l*j= ^^^3]-s] iL^>» ^ 
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^ 1020000048926 200 1/7/ 1 

oil ^1^ tJi\<^^o^ ¥^^>^ ^B}-^ -2-^^* ^7] 

^ -$-^^<^l r]7]^ «o^^-9-S ^^4^ <^^s)-l- AjgA^^ >^V7l ^^sl-Sl- 

^■jcfl^ v]^]^ A]^^ ^44- PLL^^, ^7] ^^}^ 

^Isl ^^^21 ¥^^H ^ ^7] ^ 

-g- PLL^^. ^1-71 ^a^-g- a^a^^ a^^o^ ^aj^ ^#^>J1, ^ 

71 q-^^oll tt)-el- >^i-7l ^2: ^s. ^^^-i: ^^^]^^^ ^^91^ ^^^S. ^^^^^ >3 

^ 511€<=^1 ^^^1^ >>3^^^>^ ^^^1^ 3L^3rH ^^^S) 

IrH}'^!^ ^^^^340^ -2-a}# ^^Vc^ ^a^^ ^#^>^ S.:^ 

. ^^^1-71 >a-7l 4S ^s. ^^J;^!^ ^^^5: ^^^4^ 

-g-^Vl- ^^j* ^#g>^ ^3i-g]-p^, ^>7] ^3 }- s-B.^ 

<84> ^ ^Vt^o^ 4= S.^^ ^ ^^1-^ ^St!- ^^loll*^ 
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<85> ol^>, ^ ^i^o^ y>^2]^ ^Al<^l» ^^i-S^ ^^il^l 

<86> £ 5^ ^ ^^^<^1 n^€- ^3)-^ i^v-g- PLL^ 

(104) Si- PLL^dOS) ^7] i=f€- ^s^^ ^LSV-g- PLL^(104)sq- 
^-a- ^^-§- PLL^(105)o?l ^^^S. A>-g-Sl^ ^^v^^^ ^#7l(101)S.«}:^s)- 

(100) 7> ^^^^4. ^^1- PLL^dOS)^ ^^-JOJ: ^^^B] 
#^1- ^^^^>Jl ^^/^^^ ^#7|(101)» ^^91^ MS 
^^1^1^ l-ef"?!:^ ^^^71(102)^ ^^71(103)71- ^>7) ^^^(100)^1 

<87> ZLB^Jl, D]oi^^ ^ ^#^(14)^ ^1-71 ^^5^ ^^^(100)^ ^^/^^^ ^#7l 

(101) sl ^2)- ^^it}jL, ZLoil ic}.^- ^1<H LD[2:0]1- 

(100)21 ^^/^5i|.^ ^#71(101). PLL^(104)^ ^21-=^ S.^ 

(104-1), ^ ^^1- ^^-g- PLL-^(105)^ ^EK105-1)S. ^. ^ 

7l ^^V^J^l-^ ^#71(101)^ ^3]- S.B. ^#-^(14)51 ^ ^]o]^s. 

(LD[2:o])<^] ^>-&^S «StH^i=f. 

<88> <^7]^^, ^7] S^h-g- PLL-¥-(104)^ 104-1), 

<H ^^^7l(NC0)( 104-2), ^ 5E^>7l (104-3)5. ^^j^lJi, ^7] ^^-g- pll^ 

(105) ^ (105-1), # Bfloll-(105-2), ^ -^^^ ^^7l(105-3)S 

<89> ^7] ^#71(101)21 ^^XPhase Error) ^1^^:^ ^7] ^^91^ ^ 

^71(102)5!]- ^]^^ ^^7l(l03)<HlA-l ^^^^ W<^1 tc)-E|- 27>;^1 
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<90> ^7] ^^/^3)-^ ^#7](l01)S.^Bl ^^1-^ ^^^(Polarity)-2.S. 

^^=T^ i^-g- PLL-?-(104)5t}- ^^-g- PLL-^(105)S. #^€4. 

<91> 6^ ^7] ^S^^ ^#71(101)21 ^1-71 5^ ^#^(14)^^ 

^] ^S^^^ ^]<^^S. imM ^7] ^^91^ ^^7] (102) oil #^3^^ I IrefoljE. 

^^^^ Deiind-I ^^^7l(i03)oll^i I ^^^^W ^^^^s. 

Ddd-I* #^*>^ ^1 1 'iEl#^Ai(201), ^7] ^^91^ ^^7l(102)<:HlAi 
Q ^s^9lB. ^^^Aiji Deiind-Q ^^^1*J= ^^7l(103)<^l^i Q ^^^1 

^^^S Ddd_Q1- ^^ ^1 2 ^E^#^1A^(202), ^71 ^] 1 'iBl#SiA-1(201) 

^7l ^^7l(l05-3)<^1^^ I ^3:^^ CR_I# ^*>^ #^7] 

(203), ^7l 2 ^ El (202)^1 ^7] ^^7l( 105-3) a^a^^ q ^ 

^^-^1- CR_Q* #^>^ #^71(204), ^>7l ^ ^^71(203,204)2^ ^>1- <gA].^>c^ ^ 
^ ^#*>^ ^^71(205), ^ ^>7l ^AV7i(205)o1lA-l ^^>o) 

Phase_Polarity* ^1- ^#s:>ol ^5^^ i^j- €b1(104-1)54- -91-^- ^ 

S 105-1)^ ^#-^(206)3. ^^^^cf. 

<92> S 7^ ^7] ^^91^ ^^J7l(102)^ ^^^S.^^, ^7] ^^^(105-S)6\] 

^•1 I CR^l^ ^^^^ ^#3^]-^ ^#^(301a), ^ 

7] ^#^(301a)<H]Ai ^A^ofl nj-ei- ^^a]^ a^^^. g ^7ll(2-Level) *e1- 

ol^i(Slicing)tb I Deiind-I^ ^3^^*l-<^ ^^V^sf^ ^#71(101)5. #^ 

^1 3 ^El#a)Ai(303a), ^7] ^2l«-(i05-3)<^lA-1 Q 4^^^ ^^^i- 

CR_Q^ ^1- ^^S. ^#^>^ ^#^(301b), ^ ^7] ^t^«-(3oib)<^l 

^^^<H1 ic)-Bi- 4aAi^ A^^^ 2 Q ^^^5: Deiind-Q^ 
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^1-71 ^#7l(101)S ^1 4 'iB|#^Ui(303b)S 

<93> ^. ^7|^ l-Sf«y:E. ^^^71(102)^ 4/16/64/256 QAM^^ efl'i iJroll ^^^o] ^.^v 
7l( 105-3 )<Hl>^i ^^^^(CR_I,CR_Q)^ ^^^o]] nq-e}-^T-7l^s ^OJ: a^>^v 

(CR^I,ai_Q)* 2^:^] ^el-ol^itv ^^J^J: ^^^HDeund-l .Deiind-Q)^ ^3^^^^. 
<94> £ 8-8: 4/16/64/256 QMS] 1-5}^= ^^^^ ^^^^^ <^1* 

<95> £ 9^ ^7] ^^^71(103)5] ^/il ^1-71 ^^71(105-3) 

^S^i^ I ^^^^ ^^^^ CR_I5l ^M-^ 'gHl Bll^ til iil7l (401a), ^71 ^ 

B]efl»g ti]jE7l(401a)Sl #^<^1 ttl-sl- -^71 I ^S^J: CILI^ z^- aij: efligo^i 
I ^^^S. Ddd_I^ ^5^^*><^ ^^V^sj-^ ^#71(101)^ #^^V^ ^] 5 

#^iAi(403a), ^1-71 71 (105-3 HI Q ^S^SL CR_Q^ efl^* ^1 

i2^>^ 511^ til iil7l (401b), ^ ^1-71 ^ElEll^ JEL 7] (401b)^ #^<^1 t^el" ^7l Q 

^2^^ CR_Q^ z| Ai^ e^jigoil nv^ Q Ddd_Q^ ^5^^^><^ ^7] ^ 

^/^s)-^ ^#71(101)^ ^1 6 'iBl#^U-l(403b)S. ^^^^1=1-. 

<96> ^7] ^^^1^ ^^71(103)^ ^7l ^^7l ( 105-3) <^1A-1 AJA^^ 

CR_I,CR_Q^ ^ ^S. ^^^^S. Ddd_I.Dddl.Q * ^S^^t!:^. 

<97> s. 10^ 16 QAM ^1^ ^j^^ ^A] c^]^ i4E)-i^t:l-. 

<98> s.^ ^s. (104-1)^ -^Ml ^1-71 ^ 

(14)21 ;jlH LD[2:0]<^1 ixj-el- ^jB^ ^^l-^:^ trf^yfl^ ;«ll 1 <=>^B] cfl^# ?i:«-(501a) 
^ *>q-S ^^3r>^ 7 ^El^a9A-l(503a), ^^-71 LD[2:0]<^1 t^ef ri]^ 
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^ cf^yflSl 1 5J:#(502a) ^ *>M-* ^^*>^ ^1 8 ^H^^aiA-^ (504a) , 

^1-71 ^^/^^^ ^#7](101)<^]H ^^^<H1 tE}-5f ^1-7] 7 

8 (503a. 504a )^ ^ *>M-# -Jd^^}^ 9 ^H^^^U-^ (505a) , ^7] 

^#-?-(14)s1 ^lo^ A] J: LD[2:0]«^1 i^ef ^Jjs] ^1-^:^ ^^7]\^ ^] 2 <y=^ cfl^^ ^« 
(501b) # ^>i4« -y^^f^ ^1 10 ^Bl#^Ui(503b), ^7] ^]o] LD[2:0]o)1 ^-e}- 

2l T^l-a:^ cf^7l]Sl 2 tfl^^ ^#(502b) # *>M-* ^1 11 

^E^^^Ai(504b), ^7] ^^V^^^ ^#7l(101)<^l^i ^^^<H1 145^- 

^1-71 10 5E^ ^1 11 (503b. 504b) ^ #^ # s^>M-» ^^*>^ ^1 12 ^El# 

^>^i(505b). ^7} 12 'a^l-^^i(505b)^ -fr^^ -^l" ^1^^<H 3r|:=ti^5]^ 
* c-1^>^ 7>^7l(506), ^7] 7>^7l(506)^ 1 7VAV7K506) 

5. 5q:^«^§>^ ^1^71(507), ^7] ^1 9 ^El#^U-1(505a)^ ^7] ^19^71(507)^ 

cl^fe 7>A}-7l (508) , ^ 7>^7l(508)^ #^2J. iq^oilA^ ^l^Sl^ w>=^3^^ 

^s|.^(cy_c)l- c1^><^ ^S^^tl- ^ NC0(104-2)S #^^1-^ 7>^7l 

(509)S ^^^^cf. <^7lA-1, ^7l 7>^7l (506,508), ^1^71(507)^ <U^^ ^^7]o]i^, 
^7] ^] 9, ^1 12 'gHll-^Ui (505a. 505b) ^ ^^S. Y^^^i ^3^^ ^S-^sl! 

>, ^1-71 ^3}-^ ^E. 104-1)^ SlE^(Zs(o)^ S.^^}7] 

^^^^] ^si}- oj: i:fl^s.(Frequency#Bw_#)^ ¥^*H 

*fl^ iLH^(Aty)» ^S^^^*]-^ 1^1- cl^l^ cfl^(Low_pass) ^B^S^ ^ 

°l°fl, -^-7] cfl^^o^ 7lo:| 4^S^(Gear Shifting)^ ^ ^#«.(14)^ ;Hl<^ 
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^S. LD[2:0]<H1 ^l-^^S ^l-f-ol^cf. 

<101> £ 12^ ^^71 NC0(104-2)2l ^M] l-^iE^A], ^7] ^4^^ (104-1) 

S.^E^ ^31-4^ ^H^(».+A«>)^ ^ ^10^^171^ ;^1^7l(601), ^7] 

^71(601)^ Sj^yflSl^ Al^^ Cisr}^ 71-^71(602), ^>7l 7R>7l (602)^1 

S.^S <^^^>^ 27r(603), ^7l ai-S 27c(603)£!l 1 ^] 

'^^]^ 7>^V7l(602)^ 5llH.«-^*l-^ 7>^7l(604), 1=1-4^711^ cx^^^7l- ;<-l^>S)<H 

^ ^7l ^1<?1 71(604)^1 #^611 «flT^3r>^ c^^2|-(cOs("'-"*'^"'))# 

(104-3)^ #^^1-^ COS tfl«>ll-(605). ^ ^^7]\^ ^^^3\.7} ^^^^S\o] SXo^x^ ^7] 

^lSl7l(604)^ #^<^1 ^^^m ^«3)-(sin('»'=-^^«>))# ^^^}<=^ ^7] ^s)-^ iaV7l 
(104-3)S #^^>^ SIN Blloli-(605)S. ^^^^rf. <:>^7lA^, .^-71 7>>54-7l (602) , S.1- 
S. 2 TT (603), ^ ^1 -a 71(604)^ ^^zlolrl-. 
<102> .^1-71 NCO( 104-2)^ ^7l ( 104-1 )<Hl^i ^S^^^ n^sj- 

^ ^^'iill('»--^^»)<^l r^-E}- 1=1^11 ^^sKsinC"--^^'"))^ <^ ^^^(cosC"^"^^"*)) 

<103> £ 13^ >^7l ^3)-^ £2^7] (104-3)^1 >^T-4 l-^S^A^, ^7l NCO ( 104-2 )<HlAi ^^ 

o^^4(cos(---^^-))fil- ^7] ^^^Sl^(ll)<:»lM-l I ^^tfl^ t:]7.]% a]^ 

(PB_Data)» #^><^ I 71^-1 rfl^ a]^(BB_I)S ^-^l^l^l^ 71(701)^ ^7] 

NC0(104-2)o1lAi #^5)^ ^^s}-(sin(°'--^^«>))sq- >a-7l ^^-1 el-^(ll)<^Mi Q ^ 

uil-cfl^ cl^l^ ^^(PB_Data)» ^^><>1 Q 71^-lcfl^ cl;^!^ ai^(bb_Q) 0.5. ^oIaI^]^ 
^^71(702)^ ^^^^4. 
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<104> ^7] ^21-^ ia^7l(104-3)^ -^1-71 NCO( 104-2 )<^1A-1 ^^^^^ 

^ 'tlJ:(PB_Data)* ^S(Demodulation)*><^ ^^-JilC a«.)o1 S.^^ 7]^^ 

i:fl^(BaseBand) ^^1^ ^S.S. ^<^]^]^^-. 
<105> £ 14^ ^^7] ^5. ^EK105-1)S1 ^7] ^ ^#^(14) 

^ LD[2:0]o11 itl-e^- ^le^ :^]^^ ^^^7fl2^ <y:o^ rfl^^ ^«(801a) # *>M-» 

^^^>^ >1] 13 ^El§^iA-^(802a), LD[2:0]oll vc\.^ :^]^^ t:f^7fl 

^ ^#(801b) ^ ^l-i4» ^^^>^ ^1 14 ^Hl#^U^(802b). ^1-71 ^^/^ 

4^ ^#7l(101)«^lA^ Si.^}^ ^^^^] ^s]- ^7] 13 SE^ 14 'gHll-^i 

>H (802a, 802b )^ #^ ^ sr>i4# -^^^V^ ^^1 15 'gHl^^U-l (803) , ^7] ^] 15 
^i(803)^ 5q:E.«fl5]^ ^^mr tH^f^ 7>>a:7l (804) , ^T-7] 7>^7l(804)Sl 

^ 2.1-S -a^^rV^ ^(805), ^ S-l-S. ^(805)^ 1 ^1: 

7>>a:7l(804)S. 5q:^«-^Al^4 ^A]oi] ^ Eflo]^( 105-2)5. ^]<^7] 

(806)3. ^-^^^1=^-. ^7]^.^, ^7] 7]-A>7l (804) , ai-S. ;r/4(805), ^ ^l<?!7l(806)^ ^ 

<io6> (105-1)^ ^^(^9)^ ^^^}y] ^ 

^ ^^^<^] ^-s^ tfl^^(PhaseBw_#)sl ¥^*H 

^^(^6)^ ^S^^^^m l^V t^^l^ ^-1 cfl^(Low_pass) 

<107> ^m7}:^]S., ^7] ^^ ^E. ^E^(105-1)S1 ^E^ cfl^^o^ 7]o] 4^S^(Gear 

Shifting)iE ^ ^#^(14)51 3^- ;^llcHAl:^(LD[2:0]<Hl ^>^.^S. 
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<108> 15^ ^>7l # Bflol^(105-2)S^ >^7] ^^ ^E. ^ 

EK105-1)«^M^ #^5)^ ^^1- ^#(^6)^ sl^i-^ wlM'?}:^ ^#B->^ MSB ^#^(905), 

^Bl(105-l)«fl>^i ^^(^9)^ HlS^ 

M-i^^l wlE^-i- ^#^>^ ^#^(902). >^1-7l tilM ^#^(902)2^ #^ofl 

2^ .e.^^* 22] :a^^(903). ^7] MSB ^#-^(901)^ #^<^1 4^1- ti] 

M ^#^(902)5^ #^ ^>7l 2^ :a^^(903)S] >Jii^^>^ ^Hl 16 

^E]1-^U-1(904), ^7] 16 ^El#^A^(904)^ ^tg.^>^ <:^^sl-^ ^ 

^ Bfl<^ll-(905), ^1-71 Eflol^(905)ollAi ^^^sj-ofl 

-S-^l- #l*>^ 2^ :e.^^(906), ^ ^>7l MSB ^#^(901)21 %^o\] rr^El- ^7l Efl 
<^l-i:(906)<^l^i ^^4- ^^7] 22] :a=^-^(903)<^l>^i 

^■^ ^1 17 ^ El ^a^iAK 907)5. ^^^^t:!-. 
<109> ^1-71 ^ Bfl<^ll:( 105-2)^ ^7] ^S. ^BK105-1)S^E^ ^5^^^ 

^^(^e)cil 4e1- cl^l^ ^^2)-(sin(^9))^ ^^2l-(cos(^e))# 

<iio> :e ^^71(105-3)^ >^7l i^7l (104-3) 

I 7]:^]tJi\^ cl^l^ ^^(BB_I)2l- ^^1- tfl^ll-(105-2)«HlAl ^^5] 

^ <^^2|.(cos(^9))# §^>^ ^^71(911), ^7] ^2)-^ i^>-7l(104-3)<^lAi Q 

7l;^icfl^ tq^l^ ^:£(BB_Q)5q- -^-71 ^ Efloll-(105-2)<^1A-1 

^^s}-(sin(^e))» ^^71(912), ^7] ^ ^>S7l(911,912)^ ci^H ^ 

^^7> I 7]^-1cfl^ cl^l^ <J0^(CR_I)* ^5^^^!-^ ^'t]:7l(915), ^7] ^^l.^ S 

^MC 104-3 )«fl^i I 7l^icfl^ ^J:(BB_I)sq- ^7l # Bfloll-(i05-2) 
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6)1 ^J^sl-(sin(^e))» ^*>^ ^^71(913). ^7] ^5)-^ i^i-7l (104-3)<H1 

Q 7]^]t]i\^ r]:^]^ ^S.(BB_Q)si\. ^7] ^ tfl oil- ( 105-2 

€mcos(^9))l- ^^71(914). ^ ^7] ^ §^71(913.914)31 ^^ 

ti>^s}-7> Q 7l;^ii:fl^ cl;^!^ ^^(00)1- ^m^}^ ^>LV7l(916)S ^^^^1^. 

<iii> ^7] ^2171(105-3)^ ^71 ^ Eflol^( 105-2 )S-^E-1 ^5^^^ c^^s\. 

(cos(^e))5l- ^^3|-(sin(^e))S. ^7l ^s^^ 5.^^7l (104-3)<^l>«>i ^<^m 71^-1 tfl^ c]xl' 
^ ^^(BB_I ,BB_Q)^ ^^ ^^(^e)# ^^^>^ ^^^1 ^4^^7> ^^7> ^ 71^-1 
dl^ cl^l^ ^S(CR_I. CR_Qm ^S^^W. 
<ii2> olfif ^ol ^^^^ ^ ^^oll^i tiV^s)- ^^:^S1 J£^V^^ ^^^^ ^^V^^ 

^ ^#71(101)21 ^Jisl^ozf PLL21 «j-^oll Sltll ^^^t:!-. 

<ii3> ttl-el-Al, ^ ^T^ofl rcj.^ ^^«.(ioo)5l ^v^v/^sl-^ ^#7l (101)^ ^2)-^ 

^S.^(A<o)^ jtav^x-l, ^^^V ^^(z.e)^ ^^^>7l 2711S1 ^^^€4 

. ^. ^^/^s)-^ ^#71(101)^ A>-§-£l^ ^^^^ ^^(^, 1:51-^= ^ 

^71(102)5^1- ^^;^1^ ^^7l(103))<^l 14^1- ^S^(A<o)^ i^^>7l ^tb 1:21-^ 

^ 3.B.9^ ^^^}7] ^^^1^ S-^S. ^^^^^ 

^^/^^^ ^#71(101)21 ^B. ^ ^#-¥-(i4)<^l sisfl T^^O^S. ^ 

15€cl-. 

<114> ^7] av^sj- ^^w-(ioo)2l PLL^ ZL ^Iholl i4e1- 2711^ PLL^ n^-^^^cl-. 
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Aoo)^ iaj-s:>7l ^2}-^ PLL^(104)2^- ^^(^9)^ ^^^}7] ^ 

^ ^^-g- PLL^(105)S ^^^^1=1-. <^H, ^#71(101)^ >^7l ^ 

21-^ PLL^(104)i4 -^l^ PLL^(105)<>11 "S-^SlS. A>-g.^T:f. 

<115> UHlJl, ^^/^B}.^ ^^7K101)^ o^^V ^^1-^ ^^l-c^ o. ^ ^ 

^^o.^ S^s^l-c^, <^l&|t!- ^^1-8: ^ PLL( 104, 105)^1 ^S. a], sjS. 

<116> :£ 6^ ^7] ^^V^^^ ^#71(101)3^ ^^S^A], 1, ^] 2 ^El^ejA^ 

(201,202)^ ^ ^#^(14)<^lAi ^1<H^:^(LD[1])<^1 n:)-Bl- ^7] ^^91^ ^^^7] 

(102)«=H1A^ A^^^^ l-H]-^^ ^^^S ^^^(DBiind-I.Deiind-Q) ^^^^j ^^^1^ 

7l(i03)<^l>| ^^J^l^ ^^J^^ a^^HDdd^I.Ddd_Q) ^ ^>M-1- ^^^^^s. 

^^^>^ ^^71(203,204)5. ^l-7l #>g7K203)^ ^>7l 7] (105-3)<^1 

#^Sl^ I ^S^^ ^J^1-(CR_I)32l- ^71 ^] 1, ^] 2 ^E) 1-^1^1(201,202)* # 
^51^ I ^^^^S. A^^(DBlind-I DdD-D* ^^}^ ^^V7] (205)5. ^n^-JL, 

^^71(204)^ ^1-71 4^^7l(105-3)<HlAi #^S)^ Q ^S^^ ^^^HCR_Q)3if ^^7] 

1. ^1 2 ^E^^^Ui (201.202)1: Q ^^J-tl^ ^^^(Deiind-Q DdD-Q)* 

^*>oi ^^71(205)5- ^>7l ^'y:7K205)^ ^ ^^71(203,204)^1 ^^oH t^^ 

^tb^. ^^7l(205)Sl #^0] ^2i^^ ""^^^^ ^ 

^ 2.^}7} ^t^. 

<117> >^7l y^^7](205)^]^^ -2.^1-^ ^#-^(206)5. *a^£|Jl, -^-71 ^■ 

^#^(206)^ ^^>S-^El ^^^^^ ^#t}-cl-. ^>7l i^>Sl 
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^^^(Phase_Polarity)^ 5.^-%- PLL^(104)^ S.z\^ ^Bl(i04-l)fif 

^^-g- PLL-^(105)2^ ^s. ^EK105-1)^ ^, ^7] ^^/^^ 
^ ^#71(101)5^ {+1, 0. -1) ^ ^VM-^ 

<118> olnfl, ^7] ^^/^sj.^ ^^7l(101)Sl ^2)-S.:E. ^V7l ^ ^#-^(14)<^lA^ 
^^-^^^ ^1<H^^(LD[1])<H1 21^11 ois.o^^cf. 

^^^^^ ^. ^ ^^1) S.^^, ^^3X^^ ^2}-^ ^S>J!(A«>)oil ^^^(CR_I, 

CR_Q)^ sfl^CEye Pattern)ol '^^7] ^<^] ^^s^^ i^.S>^(AoD)^ 5L3V^>7l 

(Decision-Directed) 3.:e.b\- ^t\-, 
<121> ZlSlJl, Aj-71 ^^/^^^ ^#71(101)^ <<P)B1-J1 ^ nil, ^C<p)^ irf 

12 14^1- ^o] .^^1 2,:^^ u].^x\^]x^^ M-QAM^I 4rp.«.(ioo)2l 

^^/^sf^ ^#71(101)^ <LV^j5l7fl ^3]-^ ^ 9X>\] 
<122> [^^^ 12] 

<123> [^^^ 13] 
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<124> [^^^ 14] 

e(<p)=0?] (pfe ^^^i <P=o ^^o]m 

<125> 0^7lA^, q> ^ ^S^^ ^^^^ ^^^^^S. ^^^^ ^^^^ ^V^IJI, ^ 

90°^ ^^1- (Phase ambiguity)<Hl «fl^^>^cl], ^<^lAi 

(Differential Encoding)^><^ ^'tl^>:n.. ^S^(Di f ferent ial 

Decoding)f--^S^ 7>^^>cf. 
<127> ^H^ji, ^V7l 13^ ^ ^a^^ ^^^^ ^^^^ ^^^>:^sl ^ 

'^^^V^ (Polarity)* ^til^>T^, ^^^^ ^4=7^s>}- ^^7] ^s}-^^ ^ 

<128> 1421 Ail 2:^^ A^^^ ^^1-31- ^^^^ ^^-g"^ ^^^o] 

^^j-/^^^ ^#71(101)^ ^^o] o(zero)<a* ^^^m^. 

<129> 

^7l ^>a-/^s}.^ ^#71(101)^ e(<P)^ 27>xl -^31- s.^oil 

til-B}- o>Ello| ^«|-Ai 15,16 0.^ a^5|<H ^cf. 
<130> 151 

•l:El-<y:^ a.:^'oiiA-ioi ^^/^^^ ^#7l(ioi) f-^, 

e(^ ) 

<131> e<i^-)=sgr,i&-^:)=sgn(iCR_Q X D^,,^I.CR_IX Dj,„^Q} 
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<133> 



<134> 



<132> l^^^ 16] 

•^^^1*^ S-JB-oflA^o^ ^^/^S^^ ^#71(101) 

e(^) 

e(<?')=sgn(Q.^-)=sgr,(iCR_QXD^^I-CR_iyD^^Q:, 

<^7lA^, Sgn(#) <a^^m #^ ^^^^ ^#^>^ ^#7l ^t^. H^JL, 

(CR_I. CR_Q)^ ^S^^ ^^^1-^ ■^4>(inphase)5!}- 3] Quadra ture)# M-Bj-vflH, 

«?]^^^j7l(102)^ M-HftflTi^, 0^ >^>7l IrH^-o]:^ ^^j^^ ^ 

#§1, ^1-71 1:51-01^ ^^^71(102)^ ^^^S. ^^^S] ^^o] 0^ o}^ 
^ '4/16/64/256 QAM'<H1 ^i^S. S. 8^- ^cf. 

•l^>&^ : 0 = 45° 
•2^1-^^ : 0 = 135° 
•3>^>^^ : 0 = 225° 
•4A>^Tg : 0 = 315° 

A ^>^^^ ^^(0-)?^:^ ^>7l^ S 14 TkA. 

<140> [SI] 



<135> 



<136> 



<137> 



<138> 



<139> 



Modulation 




a 








1 1 A>-S:^ 


1 2 ^\^^ 


4 


1 4 AV^^ 


256-QAM 


1 10.63 


1 -10.63 


1 -10.63 


1 10.63 


64-QAM 


1 10.5 


1 -10.5 


1 -10.5 


10.5 


16-QAM 


1 10.0 


1 -10.0 


1 -10.0 


1 10.0 


4-QAM 


1 8.0 


1 -8.0 


1 -8.0 


1 8.0 
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<142> *V^, DdI>_I,DdD_Q^ ^1^ 2.:=oflAio^ ^^^^1^ ^^7l(103)S^ zjin^^V 

* M-El-vflo^, ^pg 2.:E.<^lAio] A^^^ M-BfMlcf. £ 10^ IGQAM'^l 

<143> ^ ^70. ^e^o]^ S.:^o1]A-]o^ ^#7l(101)sl e( ^) 

^ 7l*>t]-2^ s.^^* M-HfvflB^, S 17a^ ^^^i-(CR_I, CR_Q)^ 

^^^HDBlind-I.DBlind-Q)^ ^ ^( <l>):S.tq- >S-7l ^>^V^2}.^ ^#71(101)^ 

^^^>(CR_I, CR_Q)^ ^^He)<^l ^^^S. ^^-^(Deiind-I .Deiind-Q)^ <t>):^t:}- ^c>}A^ 

^^/^Txj.^ ^#71(101)^ e(q>)^ ^471- m^^(^^-'^y < 0)^ 

<144> HSlJl, £ 18^ 2.= <H]^-]o^ o^^l./^3|.-- ^#71(101)^ ^-^^ 

e(<p)sl 7]^>«1-^ ^^^^ M-^T^T^, :£ 18a^ ^^^(CR_I, CR_Q)5] 

^^^^S. ^^^HDdd_I.Ddd-Q)^ ^-^(<t>):e.cf tSa-I ^7] ^^V^^^ ^#71(101)^ 
^4^, e(v)^ ^i}.7> <a=5l ^ (^g»»(e-0 > 0)^ ^^-g: iL^ 5E^, IE 18bfe 

7] ^SA]^ ^^^v(CR_i, CR_Q)si ^^^HDdd-I.Ddd_Q)^ ^>S-(<»>):at:|- 

^^7l ^>a-/^^^ ^#7l5] e(<p)^ ^2)-7> -^2^ ^(-^g^Ce-O < 0) 

<145> £ 7ofl ^x\^ ^2^-^= ^^7l(102)S^ ^#^(301a,301b) 

^ ^^7l( 105-3 )<^l^i ^S^^ ^^^(CR^I, OLQ)^ ^^^^ ^#€rH ^1 3, 
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^1 4 'aEl#aiA-l(303a,303b>^ /^l^tb^. o]xt^^ ^7] ^] 3, 4 

(303a, 303b) ^ '^^^-OS.^ -^7]^ K 1^] ^ ^V^'S^ 

^■ <^s|-(«) (302a, 302b) ^c^l ^^^slji, ^7] ^^^ofl ttj-e). 'y:2)-( a )^4 

<^J:5i}-(«) ^ ^>u)-7]- ^^slcH ^, ^7] ^1 3, 4 'iel^^Ui 

(303a, 303b)^ #^^1 23ll»isl ^^<^^ ^^^S. ^^^(DBiind-I .DBlind-Q)'=*l^. 

^ 8^ ^71 S lofl a?]:<^l cfl^^>^ -4/16/64/256 QAM'^^ l-ej-oi^ a^^v 
^ (I, Q) H^JL, >a-7l 3, ^1 4 El #^U-^ (303a, 303b) 

^ 1-51-^^ ^^^^^ ^^^j-^ ^^V^^i-^ ^#71(101)^ ^31-S-:e.7> 2. 

^, ^^^^s. A>-g-^cf. 

£ 9^ ^7] ^^71(103)^ ^Ml 'at^ 211^ ^]M7] 

(401a, 401b)^ ^1-71 ^^7l( 105-3 )<^lAi ^^^^ ^^^(CR^I, CR_Q)^ ^S. 

51]^^ efl^^ ZL ^1 5, 6 El #5J,Ui (403a, 403b) ^ 

^^5. ^l^ttcf. olBfl, ^^7] ^] 5, ^] 6 ^ El (403a, 403b) S-fe ri]^ 7^]^^ n7fl^ 

^^^S ^l-(402a,402b)#<^l 'a^5]:n., ^7] 5, ^1 6 ^El#a)A^ (403a,403b) 

^ wliil7l(401a,401b)^ ^^^] iil-Hl- n7ll^ li^ # ^>i4» ^^^^1^ ^ 

^^^(Ddd^I,Dddl_Q)-^S ^^^H ^^/^^^ ^#7l(101)S. #^^4. ^, ^7] 
^1 5, /^l 6 ^Ell-a)Al(403a,403b)<^]^i ^3^^^ ^^^1*^ ^^^S ^^'^^ ^7] ^^/^ 
4^ ^#71(101)^ ^3)-2.:B7> ^^^1^ SJ^-a trfl, ^^^o.^. A>-g-^r:f. ^ 

10^ 16QAM^ 4efl»i5l ^^^^]^^ ^^^^Jl (I, Q) ^S.Wr M-Ef^cf. <^11- l-o^ , £ 

10:Bf QAM ^^^1-£<H1A-1 ^S^^ ^^^(CR_I, CRJi)o] ^] 1 a>^^ tflo^ <^ ^ vfl 

^-^^ ^1 1 ^1-^^ ^^^J: ^^^^ 
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<148> 



£ 11^ ^7] ^sj-^ ^s. €^(104-2)^ ^7] ^2)-^ s.^ 

^S. ^B^^ ^( 501a, 501b, 502a. 502b)^ ^7]9] S. 2<^1 ^iBl ;^l<0:£]c>i ^] 

7, ^] 8, ^1 10, 11 (503a, 503b, 504a, 504b )^ 'a^^^. ^, *>7] S 2<^1 

>l n^n^ 1 <y:5l cfl^^ ^#(FrequencylBw_#)^ 4 7 ^Hl^^U-:|(503a)^ 



<a^£)jL, ^] 1 tJi\<^^. :^^(I^^^uencrylB.rJt)^ g ^ B) ^ ^1 A] (504a)^ 

. ^}7] S. 2ollAi ^1 2 ^cf^ tfl^^ s;!:l:(Frequency2Bw_#)^ ^1 10 



^iA-1(503b)S. <a^S]Jl, 2 ^'•^^«"o'2s>v_#)^ n ^B|#^U-^ 

(504b)S ^^^1=1-. 
<149> [s. 2] 



Word length 


Dynamic 
Range 




jFloating Point 


Fixed Point 


SOBits 


(0-2;r) 




16.283185307 


1073741823 






Center FrequencyC tt 
12) 


11.570796326 


268435456 






Frequency lBw_0 


p. 003972973 


678912 






Frequency lBw_l 


p. 000529729 


90496 






Frequency lBw_2 


p. 000264865 


45184 






Frequency lBw_3 


p. 000026486 


4608 






Frequency2Bw_0 


p. 000080533 


13824 






Frequency2Bw_l 


J). 000014321 


256 






Frequency2Bw_2 


p. 000003581 


128 






Frequency2Bw_3 


p. 000000006 


1 



<150> 



^1 7, ^1 8 'aB^#g!Ai(503a,504a)^ ^ ^#^(14)<^1a^ 

^s: LD[2:0]<^1 A 1 ^c^^ tfl^^ ^# ^ ^\^9\ :4 \ %9\ cfl^^ ^>u|. 

» ^ifl*><^ ^2]- 9 ^E]#^i^i(505a)S #^*>:n., %7\ A 9 ^El#a}Ai (505a)^ ^ 
71 ^>^/^2l-^ ^#7l(101)<^l^-1 ^^>5l ^A^ofl 451- ^7] 7, ^1 8 ^El 

(503a, 504a )» 1 ufl^^ ^ i tfl^^ :Q:%. 
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<151> S£^, ^] 10. ^] 11 ^El#^i^^(503b.504b)^ ^7] ^ ^#^(14)«11>| 

^S. LD[2:0]<H1 i4ef ^1 2 ^j=2l rfl-^s. ^s. ^ ^].q.c4 2 Sit* ^ 

» ^^^H ^4 ^1 12 ^E^#aiAi(505b)S. ^n^}JL, ^7] ^1 12 'gEl^^i^iCSOSb)^ 

^7] ^A^/^s}-^ ^ #7] ( 101)011 ^^1- ^^>o^ ^^^011 tc).e). >^V7] 10, ^1 11 

TgEl^^Ui (503b, 504b)* ^] 2 cflo^^ ^ 2 rfl^^ 

^o. ^^^].o^ 7>^7l(506)^ #^tb4. 
<152> ^7] 7>^7l(506)^ ^7l 12 ^Hll-a)A-1(505b)^ #^2). t!- ^1: ^1^^ ^^1: 

xi\S}<^ ^1^71(507)^ #^*>^, ^1-71 ;=^l<a7l(507)fe 7>'a-7l (506)51 ^^S. 

^l^^l^ ^ 7>^7l(506,508)S ^7] 7>^7l(508)^ ^7] ^] 9 ^b)#^i^-1 

(505a)^ #^3). xlo^7l(507)^ x>\^}<^. 7>^>7l (509)S. #^^>^cfl, ^7] 7}^7] 

(508)^ ^s)-^ i^S<5}!(z/(y)<^m. 

<153> ^1-71 7>^7l(509)fe ^7] 7l-'a:7l(508)<^l^i ^2)-^ ^^^(^0))^- 

X] <^^^^ ^^s^^ ^s}-^(«>-^)l- c1*><^ NC0(104-2)S 

<i54> >^i-7l 7><0:7l (506,508), ^1 <?i7l (507)^ 'U^^ ^^7]S.^^, ^7] 9, ^1 12 

i^El#^U-1(505a,505b)^ ^^Mr ^1" ^^S. ^S>^(z/(y)^ 

<155> :£ 12^ ^7] NC0(104-2)^ >^7l ^^-^ S.zSf ^B] (104-1) 
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7](602), 2;r(603). ^ ^1^71(604)^ ^^7lS.^^. 7]^ ^^M^^ ''^ 

^7fl^ oi^3|-sq- COS Bfloll-(605)Jif- SIN tlHl-(606) 

oflAl Ai^s]o^ ^2)-^ ^^1-71(104-3)^ 
<156> £ 13^ >g-7] ^2}- 71(104-3)^ ^^i] #>g7l(701)^ ^7] 

2l^(ll)oflA^ I ^sftfl^ tq^l^ ^^(PB_I)^ -^7] NCO( 104-2) <:Hl^i 

c^^^(cos(«,,+A«,))^ ^^Vc^ >^j-7l I ^^x^<^ c];^!^ ^^(PB_I)1- I 7]^-1tfl^ cl^l^ 
^^(BB_I)S. €<^l^>:il. ^^7](702)^ >^l-7l ^^sl^^dDofl^l Q ^uij-rfl^ 

^^(PB_Q)sq- ^J-71 NCO( 104-2) oil #^5l^ ;^^^(sm(<o,-HAa,))a. ^^^c^ q 
^ cl^m ^^(PB_Q)# Q 71^-lcll^ cl;^!^ ^^(BB_Q)S. ^ol^rf. 
<157> >^7l ^21-^ i^7l (104-3)^ ^1-71 NCO( 104-2) <^1^^ 

^(Aco)o. ^vj7 oj^ -^21-01^ cl^l^ ^^(PB_Data)'^l i:fl«11 ^<=>ll^i 
(Demodulation)* ^^^>^. ^^-"^ ^=^(Aco)<:>1 5£aJ-^ ^, ^^^^l 
71^^1:11'^ cl^l^ ^J:(BB_I. BB_Q)# ^S^^W. 
<158> £ 14^ >^7l (105-1)^ :g 

Elo^ cfl^^ il:(801a,801b)^ *>7l^ S 30II sl«fl ^isl ;m^£lol »l 13, ;^l 14 ^e1#^i 
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^i(802a,802b)S. ^^^c^-. ^, ^}7] S. 3<^]^^ '>^S^ tfl^^ 2;tl:(PhaseBw_#)^ 



Ai(802b)S. "a^^i:!-. 
<159> [S. 3] 



Word length 


Dynamic 
Range 




Floating Point 


Fixed Point 


20Bits. 


/4) 


7r/4 


0.785398164 


524288 




PhaseBw_0 


0.057268079 


38228 






PhaseBw_l 


0.000572681 


382 






PhaseBw_2 


0.000143175 


95 






PhaseBw_3 


0.000001432 1 


1 



<160> 



<161> 



<162> 



^s]^, ^1 13, ^] 14 ^Hll-a]Al(802a,802b)^ ^^7] ^ ^#^(14)<Hl>H ^1 
<H LD[2:0]<H1 vc[^ "^S] tfl^^ ^ ^>t+5^^ cfl^^ :5;^- - ^^.uj.^ 

^z^- ^] 15 ^E]^aiAi(803)S. #^3r>j7, 15 'iBl^^u^csoS)^ ^7] 

^^/^^^ ^#7l(101)<=^lAi ^S^^^ i^>^ ^^^oil -^7] 13, ^1 14 ^E] 

#^>|(802a.802b)# -i-*fl #^^1^ <y:o] cfl^^ ^ tfl«^ ^^s^H 7> 

<:l-7l (804)S. 

>a-7l 71-^71(804)51 a-l-S ;r/4(805)2l- ^l<^7l(806)# ^^>^-^^ 7l^ cl- 

^1 7>A>7l(804)S sl^yfl^il. ^AHl ^^1- ^ E)lol^(io5-2)S. #^^cl-. ^. ^7] 7}^ 
7l(803)fe ^7l ^] 15 ^Hl#^A-l(803)^ #^^1- ^7] ^^^^^ c-l^H 
;r/4(805)^ <^7]^<] , ^7] 7>^7l(804), S.^S. ;r/4(805). ^ ^1^71(806) 

^ ^^7ioici-. 

^, ^71 21^71^ ^7] ^1 15 ^H^#ajA-l(803)^ ^1- cf^S- ¥^«fl^-l ^ 

^irj-o^ ^^v ^^(^^)^ :iBlJl, -^71 ^S^J^ ^ 
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0)^ ^ Bflo]^(105-2)S 'iJ^^cf. 

<163> s. 15^ ^7] ^^1- Efl 01^(105-2)^ ^4 Ir^HS^i, ^1-71 ^^ ^E. ^ 

Ei( 105-1) A^A^^ ^^1- ^^(z/^)<^l ^^^^S.(-7r/4 - 

(105-3)S 

<164> ^, MSB ^#^(901)^ ^^S]^ ^^1- (z/d)^ BlM 

(MSB) ^, wl:^^ ^1 16, 4 17 (904,905)^ ^SiS. 

tbcf. *>^ulM ^#^(902)^ ^7] «>^s}-^ (z/^)-^S.-^Ei 

MSB^ ^l^q^ q-^^l wjEs-o. ^^^c^., ^V7i ^>:?lalE ^^«-(902)Sl ^7] ^fl 

16 ^El#B3}A^(904)S w>ol4>;Al^ji). ^X\d\] 2^ ii^^(903)'^]>H 2^ ^^7} 
^ ^>7l 16 iiEl#^U^(904)S. ^7] 15 'fiBl^^Ui (904)^ ^7] MSB ^ 

#-^(901)<^lA-1 MSB<^1 ^7] ^^v]^ ^#^(902)2^ ^^ 2^ 

:a^^(903)2] #^ ^ ^Vq-# ^^^>o^ ^lol^(905)S #^^1:^-. ^7] bUo] 

l-(905)^ ^7] y^] 16 ^ El (904)0)1 €fl^3^>^ ^^^sl-Sf o^^i^l- ^^^H #^^1- 

<:>^^54(cos(z/ ^ ))^ w]-^ ^^7l(105-3)S 'a^^^, ^J^^(sin(^^))^ 

^1 17 'aEll-SjA-1(907)# -i-^ -^71 ^^71(105-3)3. 

<165> ^7l ;*11 17 'iEl#?JiA|(907)^ ^7l MSB ^#-f-(901)<^l>^i #^5]^ MSB<^1 ^ 

7] Blloll-(905)onA-l w>ol2ll>,£l^ ^^^isin(J 6))^ 2^ ^^^i906)<^]^^ 2^ 

i^7> #1^^ ^^sl- ^ ^l-q-l- ^^7l(105-3)S 

<166> £ 16^ ^1-71 ^^71(105-3)51 >^.^^1 ^S.3^SA-1, ^71 ^^1- Eflol#( 105-2) 

<H1>H ^S^^^(-;r/4 ~ ;r/4)o11 Sfl^^l-^ <^^3f^icos(i^ 0 ))^ 
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^^4(sin(z/ ^ ))S ^7] 3V 71 (104-3) oil ^44^ SLE.^i^(o)o] S.^^ 7] 

;^lcfl^ t^^l« ^1^V^«^1>H ^S(Demodulation)# ^^*H, 

^■^(Je)o] ^2^^ 7]7^x]l\<^ v]^]^ ^^(CR^I, CR_Q)1- ^S^^^^. ^7] ^^7] 
(105-3)^l^i ^-S-(z/^)ol 7]7i\t(\<^ x:]7]^ ^^(CR_I, CR_Q)^ ^ ^] 

Bi^(i3)s. ^^]^] ^^91^ ^^^7](io2). ^^^m ^^^^kios). ^ ^^/^ 

^#71(101)^ #^^1=1-. 
<i67> ol^Hl^isf ^o] ^ ^^x^6\] vc\.^ ^^]^ s.€: QAM/PSK ^^7] 

<H1 ^-g- 7}^^}x:^. 

<168> c^ll- rj^ QAM ?llo]^ c]^]^ ^^7], QPSK T^^l^ ^^7], 

8PSK ^^7], QAM/QPSK ?flol*/^^^ i:^^!^ ^^7], QAM/8PSK ?ll 

<169> ol^oi]A-ls>l- ^ol ^ ^i^ofl n^-a tiV^^j^ ;3-^loil ^ ^j-^ , ^3X|-^ -^S^* S 

^^^1-71 ^5^^ ia^-g- PLL^S]- ^2^s:>7] ^2l-§- PLL^ 

27}7] SL^S. ^^^^S.^, ^u-m- RF ^^7lollA-l ^flJl KHz ^2}-^^ ^E. 

^^^*>^ mm ^<H1 5L^V^^c>l 7>^^>t^, at!" ^ 

^ SNR4 ^tb ^fl^ ISI(JI^M)<:>lliE ^S\^i ^^-^ 4^19^ ^ 9X^. 

<170> SEtb, ^#*>^^^/^s}-^ ^#7l^ ^7] ^31-^ i^^-g- PLL^<4 ^ 
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M» 7]-;^^D^ ^2}-^ S.^^ PLL-^sf ^^-§- PLL-^^ 

^^^^ ^^^^1^ ^ 

<i72> nl-ef^i, ^ ^^2^ 71^2^ ^A]c4lofl 7]A% ^-§--^5. <i>qel- 

^^ ^^o^ i^^oii o^^i-c^ ^tfl;5^<:>> 
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[^^%^ 11 

^S.^ ^^^s]. ^E^<^B. ^S. ^S. 

^21--^ ^s^o] 7]7:\t3i\<^ tq^i^ A]^^ >>5>^^^>^ ^sF^ 5L2h-§- 

^, ^7] ^J^Sl-^ <^^5f-^ 7]X|cfl^ nl^l^ ^"g-'^l 
#^ ^^^<^1 ^-21- ^71 42: ^S. ^^^-^ ^^'^^ ^^^^ ^^^1-^ 

^1*^ ^^^s ^5^^^>^ ^^^l*j= ^^^» ^^^^^ ^^lAs. ^1- 
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2] 

^1 1 9X<^^^, 

^7] ^^/^3S[^ ^s}-^ -2. = ^^ S.^^}7] ^7] ^s. 

A}^ ^^^^l-o] ^^V ^^>=. ^^^^ ^#^>^ 1"^)-^^ S.^ 

, ^^o> ^^^7] ^^7] ^s. ^^^i-^q-sl ^^V 

^-^^^ ^^^1*^ s-^s. ^^^H, ^J-7l.^^ ajE.^ ^] 
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4] 

^7] ^ ^ ^S.o]] nle) 7^]^S\c>] og^Hi^ i=f^7ll2l 1 CQ: 

^7] ^ ^]o] Al^ofl itj-H^. nls^ c]-^7ll5] ^1 1 cfl^^ 

^^7] ^ Al^ofl 145^- :^]^^o] <g^£]^ cf^7ll^ ^1 2 '^^2] t^<^^. ^ 

^ ^:i:<^l 4^1- ^Isl "^^^^^ 4^7fl^ ^1 2 tfl^^ ^ 

^ ^^7lS ^^1-^5. s:]-^ tiV^sj- 

^1 1 9X^^^, ^7] ^^-g- ^S^^ 
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^B)^ ^E^ ':fl^^^ 7lcH 4^^^^ ^7] ^ 
<^^S.<^] 7.}^^S. 01^.0^x1^ ^^^S. sr>^ «V4^s}- ^^]. 

[^^^cJ- 6] 

^1 5 Si^H^i, ^1-71 ^E-lfe 

^7l 5^- ^#^^1 ^ ^]o] Alj^oll 45^. Die] ^1A].E1<^1 <y^S)^ T^^7fl2] <y:Ol 

^ ^^-g- cfl^^ ^1- ^ ^>M-# ^^^^ ^] 1 -a^^^, 

^^7l ^ ^]o] Aijio]] i4ef oje] ^lAVjEjo] <a^s]^ t:f^7flsl o^.^v ^fl 

^71 3 ^^^^ ^^s. ¥^^H n^^ ^-^(Je)^ ^#^> 

^1 1 ^71 ^^91^ ^^^^^ 

f 
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81 

^1 1 %H1 ^<H^i. ^7l ^^J^^ 

^S^^SL ^^^^ ^ ^S. efl'goll ^^i^S. ^^^^ ^7] ^>^v 

^^==r ^#^5. #^^>^ ^^-^S. ^^^s)^ ^* *m M}^^ ^^1. 

9] 

^2l ^^^s]- ^^^4^ 
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^ ^1-71 ^^j- ^-g-ofl i4s1- iq^l^ ^^^4^ <^€^» ^S^^ 

t!: ^, ^7] ^i^sj-sq- c^^sl-s. 7l;^-1ifl^ rl^l^ a]^^ ^S^H ^^<^1 
A^^>-gr ^|A^*>^ ^^1; 

^7] ^^ ^3^^^ ^^^1-51 ^A^# ^i-7l,^#^ 

^'^^<H1 ^>7l ^s. ^i^^ ^Hl-^l^it!- ^^^^^ ^3^J^>^ 1: 
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[S. 11 




r> 



n oHi 

ntH! .a 

W 

cr 




IU2 S 
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[S. 2] 



is. 31 



S(t) 



s(t) 




S^(t) 






{mm) 




S^?iif4^(2nfc) 




— r 




( 




21 




22 



Sin(2nfct+e) 



%2 



T 



26 



31 




Yc(t) 



32 



90' o|^^7| 



cos(2nfct4«) 
-34 



38 



sin(27Tfct+e) 36 
^ 




Ys(t) 



35 



23 



gel 



24 



25 







¥5 





e(t) 



33 




37 
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41 



S(t) 




Yc(t) 



42 



43 

-4^ 



90' o|^»7| 



cos(2nfct+e) 
-46 



45 



— ^ 



e(t-T) 



49 




sin(27Tfct+e) 51 



50 




Ys(t) 



Ys(t-T) 



47 



48 
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Phase_Polarity 



sat ?H 
¥H mm.) 



202 



[£ 7] 



CR_I 



CR_Q 



302a. 



a 



a 









302b^ 


a 


a 


■ q« 
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1 S 
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is. 81 
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IS. 9] 



CR_I 



CR_Q 



402a> 



Level(0) 

Level(l) 
1 
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Level(n-l) 



Level(n) 
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— ^ 

0 
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0 
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-3* 
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IS. 131 



cos((Jt+M 
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Q 
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(DBlind—I t DBlind— Q) 
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is. 17b] 
Q 



(DaiiDd-I . DbuimI-Q) 



;=(^-0)(C-J.C-Q) 




sgn(e-0) < 0 I 



18a] 



L_ l_ 

Q 




i_ 
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Q 
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-Q) 



sgn(9-0) < 0 I 
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